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PACKAGING 

AH TK -2 circuitry is packaged in plug-in units each measuring 
approximately 1 by 2 by 6 inches long, and containing from % to ill- 
transistors and associated resistors and condensers. (For the central 
computer there is an average of 8 transistors per pio.) In general there 
are two etched wired cards pef plug-in units these are connected by wires 
to an 18-pin plug and mounted in a steel frame to prevent flexing. The 
components are mounted on the etched cards by hand -soldering either to 
solid turret lugs or small eyelets, pietures'.of two typical plug-in 
units (one using, turret lugs and the other using eyelets) are shown in 
Figure 3° 



The high speed logic circuitry for K"2 is based on the use of 
phileo surface barrier transistors for which the specifications are 
given in an appendix to this handbook. Also in the appendix is a 
transistor nomenclature reference which lists the transistor manufacturer 
and the experimental type designations plus the HA ©r MIL designations 
which may have since been assigned. With certain exceptions that will 
be noted later, all inverters and emitter followers are L“5122 (21240) 
transistors. Micro-alloy l= 5134 (21593) transistors are used where a 
high current gain at relatively high current levels (10 - 70 ma) is 
required. Thus the L-5134 is used ms the power output stage of the high 
speed flip-flop, in the inverting caseode and cable driver, as the pulse 
gating transistor in the register driver, and in some input-output 
circuitry. There are a few places in the machine where a very high 
frequency, high current transistor is needed, and here the phileo micro¬ 
alloy diffused-base transistor 21501 (previously known as the L-5409) 
is ufed. For a detailed discussion of the L-5122 parameters, refer to 
6 m~ 4955 by d. j. jgekl, for some notes on the L=5134 transistor refer to 
6M-5193 by j. w» Langford, and for some notes on the 2N501 refer to 
6k“5856 by j. w. Langford. 
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Only two L-5122 inverters can be connected in series for two reasons? 

1 ) the O 0 I 5 volt drop across one saturated transistor is multiplied by 

the number (n) of inverters in series and the output then becomes 0.15n 

volts below the required ground level; and 2) the collector current 

X of the transistor Q nearest ground is equal to + X^ + X^ 
c JL Dg Dj 

®L 

etc. where E g is the supply voltage, is the load resistance, and , 

X b etc. are the base currents of all transistors between and the 

3 

supply voltage. Thus the transistor nearest ground will tend to cone 
out of saturation if there are many transistors below it. The number of 
inverters that may be placed in parallel is limited by the delay which 
can be tolerated. The fall transition time (measured at the 10% points 
from the point at which the input starts up from -3 volts to the point 
at which the output returns to -3 volts), is shown as a function of the 
number of inverters in parallel in Figure 5° (The input rise time is 
about 20 jnpsee*) 

When emitter followers are placed in parallel to form an UTO gate, 
the transition delay time is considerably less than that of inverters. 

The rise transition time, as a function of the number of emitter followers 
in parallel, is shown in Figure 6. The'rise transition time is measured 
at the 10% point near the ground level. 
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PART II - CIRCUIT DETAILS 

CENTRAL COMPUTER 

Counting Circuits for TX-2 logic are formed lay flip-flops and 
inverters as shown "by the block diagram, Figure 7 . Each count pulse is 
separated by 0.4 psee to compensate for the delay imposed by the flip- 
flop and the inverters. 


If a faster counting rate is required, emitter follower circuits 
(Figure 8) sure used which need only 0.2 psec between each count pulse. 
These circuits, however, use more transistors, and so complicate counters 
containing a large number of digits. 



SA-87036 
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5 STAGE COUNTER USING EMITTER FOLLOWERS 


FIG. 8 


SA-87037 
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inverter in the circuit shown in Figure 9A the values of load 
resistance (R^), input resistance (R^), and positive Mas resistance 
(Rj) are chosen to give maximum tolerance to signal variations, noise 
voltages, and transistor parameter variations consistent with the 
necessary driving capabilities. The result is a circuit for which the 
maximum output current at -3 volts is 2»9 minimum input current is 
1.0 ma (1.2 ma at “3 volts)! positive Mas current from +10 volt is 
.15 ma, which gives a positive Mas of <>51 volts above ground. AH of 
the inverters work from a -10 volt supply. 

The actual voltage at the collector, however, is never allowed to 
exceed -5 volts| it is clamped to -5 by an emitter follower, or by a 
voltage divider to ground formed by the input resistance to an inverter 
following it. However if the inverter is accidentally unloaded it will 
not 'be damaged. The minimum pimch-throngh voltage (emitter-to-colleetor 
voltage) of the L -5122 and L-513^ is 6 volts. If the transistor were to 
punch through at this voltage, the power dissipation would be only 
10 raw — not enough to damage the transistor. The value of the 
capacitor (c^) is chosen so that with a 3 volt input signal, the 
capacitor will store a charge at least as large as that contributed by 
the hole storage of a transistor with the maximum allowable hole storage 
coefficiento Thus sufficient overdrive is provided for minimum rise 
and fall transition times. A single inverter provides enough current to 
drive either two other inverters, three emitter followers, or one 
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■ The following plug-in units consist of 1-5122 inverters such as are 
described above? . . 

inverter P-6 (no. 02) 
inverter g-8 (go. 03) 
inverter P-5 (no. 04) 
inverter S-6 (no. 05) 
inverter p-8 (no. 24) 
inverter s-8r (no. 32) 

inverter p-10 (no. 33) (Two transistors nearest ground are 1-5134) 
parity Circuit (Ho. 34) (Also contains 2 emitter followers) 

Inverter s-8m (H©° 46) (contains 3 1-5134 and 1 21501) 



SA -87058 
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Emitter Follower The circuit shown in Figure 9 b is used as a logic 
element and as. a current amplifier. An emitter follower may be driven 
from an inverter* in which case it is kept in saturation when turned on 
since its base is returned to =10 volts through the load resistance of 
the previous inverter. An emitter follower may also be driven from a 
caseode circuit or from another emitter follower, in these cases, the 
base is returned to =3 volts through the very low resistance of a 
saturated transistor. One emitter follower nay drive another only if the 
first is driven by an inverter, and is thus saturated from =10 volts. 
Usually the emitter is returned t© +10 volts through a 5»9X resistance 
to limit the total emitter current t© 10 ma. Thus the maximum output 
current is 6.7 ma. If a larger reverse current from +10 volts is needed 
(as when driving several inverter bases as fast as possible, or when 
driving the emitter of a pulsed transistor) the load resistance may be 
decreased to 2K (or two 3°9& resistors in parallel) provided there are 
at least two emitter followers in parallel in the same unit to share the 

i 

| dissipation in the M ©ff w condition, in this case the output current is 
limited to 3°5 ®a. Therefore one emitter follower will drive a maximum 
of 3 inverter bases if sufficient time is available or 5 emitter follower 
bases if the current limitation is observed. 


The following plug=in units consist of L=5122 emitter followers such 
as are described above* 


Knitter Follower 8 

Knitter Follower 4 

(lo. 06) 
(l©° 07) 


Address Decoder 

Knitter Follower 9 

(lo. 15) 

(Ho* 35) 

(Contains 12 emitter followers and 4 
sets of output diodes.) 

Time Level Decoder 

(lo. 57) 

(Contains 5 emitter followers and 2 
caseode circuits.) 
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back panel.) The maximum output current available at the end of the 
cable is 4 ma in either direction. 

93 ohm cable is used in TX~2 to drive voltage levels to and from 
memory, input-output units, etc. Twisted pair wire (No. 22 stranded, 
Teflon insulated, twisted 2 turns per inch) is used to drive voltage 
levels over long distances within the central computer. 
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Reference Manual) is a gate which passes clock pulses only when h©th 

level inputs are at ground. The register driver incorporates a© pulse 

gain; it is merely a pulse switch. The HH2 plug»in unit contains three 

such gates, two of which have a ©cmmon pulse, input. There are four 

transistors to each gate. and form a level MSB gate that allows 

a pulse 'to pass only if there is a ground level at the inputs to both 

their bases. If there is a -3 volt level at either input, there will 

be no pulse output, in operation, the pulse input is applied to the 

collector of Qy provided that and Q, 9 are held off by ground level 

inputs, the base of will be saturated from the -10 volt supply. Thus 

an output pulse will appear from the emitter of Qu« This transistor 

5 

is an L-513^ used t© carry the large pulse current necessary to drive a 
register. is used when driving large amounts of capacity to pull the 
output up to ground at the conclusion of the pulse. 

The 70 nia maximum output pulse current from the register driver is 
capable of driving a maximum of 20 bases (active or inactive). The 
input pulse current required is equal to the output current. A minimum 
input pulse of 3 volts is required by a fully loaded register driver. 

The maximum voltage drop across the driver is 0.5 volts. The required 
set-up time is 20 mpsee. The level input current required into each 
base is 2.13 m& at -3 volts, and 0.6 ma at ground. The input level is 
specified at ground or a minimum of <=2.5 volts. If this level input is 
driven from a cable or twisted pair line, one cable may drive either one 
or two register drivers. 



High Speed. Flip-Flop 


01) uses RC coupling between Inverters, 


and a cascode output. and are normally conducting pulse amplifiers 
which are cut off by a positive input pulse (going up to ground) at the 
"zero" or 8! one M input. and are the flip-flop transistors them¬ 
selves which are RC coupled in the normal manner. A positive input 
pulse cuts off or Qg, opens the emitter circuit of or and 
changes the state of the flip-flop. and Qg are amplifiers which are 
used to saturate the emitter followers at 


Qg, and and form the cascode circuits on the M on® M and "zero 011 
sides respectively. These four transistors are L“515^*s, used to carry 
the heavy output current required of the flip-flop, q and are 
steering gate transistors which, are wired internally to the flip-flop. 


Jn order to set, clear, or eompXement the flip-flop, one of the points 
"ORE in’s "ZERO IN’S or “COMP. IN" is brought up to ground by a circuit 
such as the one shown in Figure 11&. Alternately 9 the circuit in 
Figure llB may be used, if the ground level is supplied by a cascode 
circuit. A maximum of one pulse transistor and two level transistors 


gate transistor or the cascode transistor which provides the ground 
level is considered as a level transistor.) A jmsIbmb of 15 pulse 


is an ung&ted clear input which is internally wired. A 2.5 volt 
negative pulse is applied at the “dKffi H". 


The maximum usable prf ©f this flip-flop is 5 meps and it has a 
nominal logic delay of 0.1 psec. The maximum total transition time of 
fully loaded flip-flop is less than 0.2 j&see. fto® maximum output 
current is 30 rna at -3 volt* and 9 at ground. Thus the flip-flop 
will drive 20 bases in the -3 state, and will carry a maximum of 5 base 
currents plus on® puls© current la the ground state, plots ©f the 
output voltage vs. load current for a transistor meeting minimum 
specifications are given in Figure 12, and plots ©f the rise and fall 
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The input to the pulse gates to the flip-flop must be a negative 
pulse with a minimum amplitude of 2.5 volts, and a width of from 0.07 
to 0.12 t&sec for complement. The input pulse current into the base is 
approximately 2°5 ma. The flip-flop may be set or cleared with a 5 volt 
negative level, provided the level returns to its original ground state 
before the flip-flop is again changed. 




OUTPUT CURRENT: ma 
FIG. 12 

HIGH SPEED FLIP-FLOP 

VOLTAGE DROP ACROSS FLIP-FLOP CASCODE VS LOAD CURRENT 

(MINIMUM fi TRANSISTOR) 
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Marginal checking of all the high speed circuitry in ux-2 is done 
hy varying the +10 voltage on the has© of the inverter transistors. 
Increasing this positive bias effectively reduces the negative base 
current and tends to make the transistor come out of saturation. 
Reducing the positive bias supply. tends to allow the transistor t© 
conduct when it should be held off, and increase® the fall transition 
time. Emitter followers axe not directly marginal cheeked, The flip” 
flop has two marginal checking lines, so that when one line is varied 
and the other is held at fixed +10 volts the flip-flop becomes un¬ 
balanced and will fail at a certain point.. The nAnimm acceptance 

JL 

margin on inverters is -10 volts either side of the +10 volt supply. 

The minimum margin ©n flip-flops is -8 and +10?, and that on register 
drivers is -5 ®nd +10?. 

Marginal cheeking curves for the following circuit parameters 
appear in Figures 16 and IJs 
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S-8 RA (ho« 46) is a special plug-in unit used only in the carry 
circuit in the x-adder. m logic and lay-out it is identical to the 
S-8 r, which consists of 8 inverters and two load resistances. However, 
in the S-8 ra, and are replaced by l- 513^ transistors. 

is a type 2N501, the high frequency philco micro-alloy diffused-base 
transistor. R n is a 1000 ohm load resistor for these transistors. The 

7 

A version reduces the delay time of the conventional carry circuit which 
caused poor margins and slowed up the operation of the X-memory. The 
A circuit is faster in two ways? is the only transistor which is 
actually in the carry chain, and the fast response time of the 2N501 
saves a considerable amount of delay time over 18 digits. By increasing 
the load current from 4.2 ma to 10 ma, it is possible to charge the 
stray capacitance faster, and to further reduce the delay. The result 
is that the carry time for the X-adder circuit is 0.42 §jisec for 18 
digits, which is about 23 m^see per stage. 






































1 

»0004? 

H“L 

0 o 5 p,8€C 

6.0 

p8®C 

0.2 psec 

2 

.01 

H”L“F 

lo7 j^sec 

110 

l^sec 

0.5 psec 

3 

o22 

N-L-H 

34 psec 

2.4 

msec 

5.0 psec 

4 

6.8 

N-L-M 

1.0 msec 

80 

J&S0C 

130 psec 

5 

l80 

N-LHR 

2 6 msec 

2.2 

sec 

8 msec 


For t 7 »5 pseeonds the delay as a function of capacitance is 
given approximately by .14c < t < 12C> where ® is the capacitance in 



the delay unit is described in 6 m°5216. 
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Delay Lines * Three separate delay lines are used in TK-2 for memory 
control timing, one is a .15 ^sec, 50 ohm line, (No. 57) used for 
controlling the timing of the strobe pulses for the S-memory. This is a 
20 section line using coils and separate capacitors. Either end of the 
delay line can be used as the input. Reference to the figure below will 
show that any delay between 0 and .15 jisec can be obtained in steps of 
7.5 mp,sec. The end of the delay line should be terminated with 50 ohms; 
no termination is used at any of the taps. The maximum load at say tap 
is one inverter base. 

INPUT 



The second, the inhibit level delay line (No. 48) , is used to 
control the timing of the inhibit levels for the S-memory, and is also 
a 20 section tapped line. However, certain capacitors have values which 
compensate for the stray capacitance of the computer wiring at the 
output taps. Consequently this is a special delay line which can be used 
only for the stated purpose. The nominal total delay time of this line 
is .15 usee; the taps are 7*5 m^sec apart; the nominal impedance level 
is 220 ohms. Consequently the end of the line should be terminated with 
220 ohms. 


Coils manufactured by R.D- Brew Company 
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The third is a .4 psec; 73 ohm delay line (wo. 38 ) , used to control 
the timing of the pulses for the memory control flip-flops. This is a 
40 section line using capacitors and Brew coils. Any delay between 
0 and .4 psee can be obtained in steps of 20 mpsec, depending on the 
selected output tap and on the end which is used for the input. The 
line should he terminated with 75 ohms. 
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gated False Amplifier (so. $ 6 ) is a two-stage transformer-coupled 
amplifier for 0.1 ^sec 3 volt negative pulses, jn IX-2 this unit is 
used primarily for amplification after a pulse has gone through a delay 
line. The input transistor is an L-5122 and may he gated in series at 
the emitter or in parallel at the collector by conventional TX-2 
circuitry. The output 2N501 transistor is capable of driving 10 bases 
and a 100 ohm termination with a 3 volt pulse. The input looks like a 
single pulsed base. The maximum prf of this pulse amplifier is 2-5 mcps. 
The transfer characteristics, and a full description of the design and 
use of this circuit are given in 6 m- 5590 « 






HDffi MEMORY 

A complete description of the index memory (x-memory) is given in 
6 m- 4968, “She Lincoln TX-2 Computer w » At the time that these circuits 

# 

were designed, the only high speed transistor available was the L-5122, 
with its low current gain and 6 volt emitter-collector voltage limit. 

For higher voltages, the best choice was the 21123 ## which has an 8 meps 
alpha cut-off. The index memory circuits have since been redesigned to 
use the better transistors which have recently become available. Fewer 
transistors and lower driving currents are needed for these new circuits. 
These faster circuits also eliminate vacuum tubes and their associated 
power supplies. The memory cycle time has been decreased from 4.0 psec 
to 3.6 psec, and the access time has been decreased from 0.8 psec to 
0.6 psec. ■ 


# 

The L-5134 has approximately the speed of the L-5122, but has a 

* 

much higher current gain at high collector current levels. The 2N501' 
has a 15 volt emitter-collector voltage limit, is considerably faster 
than the L-5122, and has a 35 aw maximum dissipation limit. The L-5432 
is essentially equivalent to the type 21501, except that it has a 30 
volt rating and 150 mw dissipation limit. The 21580 transistor is 
somewhat faster and has a considerably higher current gain at high 
currents than the original type 21123 » 

The read driver (lo. 19) has undergone significant change. The 
present circuit consists of two L-5452 transistors. These transistors 
are used because they are fast and have a high beta at pulse currents 
of over 100 ma. Even when operated at conservative loads they have 
sufficient voltage and power capabilities to drive the memory. A 
ground level at the input causes a READ pulse by cutting off Q which 
saturates Qg is an emitter follower which, when saturated, passes 
the 117 ma negative READ pulse. 

* phileo 

General Electric 

■r Wr Mr ^ 

WWW 
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INDEX MEMORY (Cont.) 

The write driver (No. 21) has been changed by replacing the 2H123 
transistors with types 2N501 and l- 5134 to save 0.4 ^sec in the WRITE time- 

Important changes have also been made in the read amplifier and 
digit driver (No. 16) . The first two transistors of the read amplifier 
part (i.e., the sense amplifier) were changed from L-5122 to L-5134. The 
digit driver part, which previously consisted of two 2N123 transistors, 
is now made up of two NFN type 2N635 transistors. These transistors 
provide a faster digit driver than that of the original system and one 
that incorporates more current gain. 

in the select circuit first level (No. 17) and the select circuit 
second level (No. 18) all L-5122 inverters have been replaced by L-5134 
inverters, and the 2N123 transistors have been replaced by the 2N5&0 type 
which are somewhat faster and have largercurrent gain. These changes 
have reduced the driving current requirements and increased the operating 
margins of the system with respect to both current drive and timing. 


General Electric 




General 

The display decoder (digital-to-analog converter) PH's are used 
as part of a high speed electrostatic display system. While the two 
stage decoder (go. 26 ) , four stage decoder flo. 27) , and focus decoder 
(Ho. 29) , pro's may have fairly general use., the position decoder (lo. 28 ) 
(more properly the decoder position stage ), the decoder gain section 
(No. 30 ) , and the decoder power unit (lo. 31) are quite specialized and 
can he explained hest with reference to the decoder schematic shown in 
Figure 18. 

Figure 19 outlines the general principles of the display position 
decoder. Bach hit of the decoder requires a switch in series with a 
current source adjusted t© a negative power of two corresponding to its 
digit significance. Since the one's complement number system is used, 
the sign hit is adjusted to equal the sum of the currents in all the 
other stages. 


To illustrate, a given positive number set into the switches 
causes an unbalance in the currents flowing to the "one” and "zero" 


switches, i.e., hy coni?dementing the input. The new current unbalance 
is the same except that the signal previously flowing through the “one" 
output now appears at the M zer© w output and vice versa. Since the 
deflection plates of the cathode ray tube sense the difference signal, 
the deflection for the negative number is equal in magnitude to, but 
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SCHEMATIC - DISPLAY DECODER TX-2 
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WEIGHTED CURRENT DECODER 
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The two stages at the right of Figure 20 [included in the decoder 
gajn : section PIQ (Ho. 30)j| have n© switches. They set the lower voltage 
point of the deflection amplifier. If they were not present, an 
amplifier with minimum signal would tend to go to zero volts and, of 
course, saturate. These switchless stages also help provide a satisfactory- 
gain control. Any gain control which changes either the total current 
of all current sources or the gain of the amplifier itself also shifts 
the average or common mode voltage of the deflection plates, and 
destroys the astigmatism adjustment. Any maladjustment of the astigmatism 
setting in turn degrades the spot size. To circumvent this problem, gain 
reduction is accomplished by reducing the current in the digit sources 
and increasing, by the same amount; the current in the non-digit sources. 
Thus, a constant total current flowing to the amplifiers is maintained. 

The power for the decoder is separate from the d-e supplies for 
the central computer to prevent modulation of the decoder by the computer 
program. A constant — voltage transformer eliminates the effects of 
variations in the a-c input and maintains a stable -50 volt supply to 
the decoder. Since the decoder load does not vary, no load regulation is 
required. The actual voltages used by the decoder are obtained by 
special internal supplies in the decoder power and gain PHJ 9 s. 
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Four Stage Be coder (lo. 27) . Each stage of the decoder consist® 
of a current source transistor in series with a two-position switch. The 
current through any one stage is determined largely by the emitter 
current at pins E,K,L or p. This is determined, in turn, largely by an 
external resistance, by the PD reference voltage, and by the output of 
the decoder gain section (Ho., 30 ) . The voltage difference between these 
two supplies is variable from about 15 to 30 volts. The current out of 
the first stage current source, I , will then be 



R e is the external resistor, a 3 is the average or d-c common-base current 
gain of Q 3 , and subscripts min and max refer to lowest end-of-life 
conditions and highest initial values respectively. 

If pin A is at ground and pin C is at -3 volts, the " 0 “ output 
current signal will be 


01 cS + 


and the M 1 M output current from this stage will be 1 


If pin 0 is set to ground and pin A to -3 volts, the current °*0 M 
output will be 





+ 



and the "l* output current will be 1 
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Since the display tube is primarily sensitive to difference signals, 
the differential change in current as the A-C pin terminal pair input is 
complemented is 

(ax - oL) 1 + I - l + l - 1 

' «*/ *es ▼ eox cog *€01 

Tiro Stage Decoder (So. 26 ) This circuit is used in the first six 
bits of each axis of the position decoder. 

Buffer FF signals are connected to pins U and C (0 and y in the 
second stage). The PD reference voltage is connected to pin Nj pins S 
and p (b and p) are jumped as are B and A (R and T)j the stage current 
is established by a resistor from pin B (j) to the decoder supply 
voltage output of the decoder gain section PI0. 

The 100 ohm resistors in series with each collector have a dual 
use. They damp any resonant circuits and thus prevent oscillations and 
they monitor leakage currents and gains of the individual transistors. 


The use of two transistors at each point of the circuit can be 
illustrated by discussing the current transfer of the current source of 
stage 1 (transistors and Qg). The signal into the current source is 
the emitter current of Qg which divides between the collector and 
base of Qg. 5 g of the current is collector output current, and 1 - ag 
of the input current appears as Qg base current and thus as emitter 
current. 


*e * *0 ♦ % . 
I c * 

• • \ - I # (l - a) 
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also divides and thus the Q collector 


current, 
current to the emitters 
current, 5^ I, 


'1 - ag) ay is 


recovered as output 
collector 
current transfer 


a 6 




If both and Q c have a°s ©f Q»98, then the transfer rati© of the 

o 5 

pair would be 0-9996. The current transfer rati© of the switch (Qi and 



The silicon diodes in this decoder stage are used primarily to 
reduce leakage current® by Insuring that each emitter-base diode of the 
off side of the switch is reverse biased. They also aid slightly in 



It is a simple decoder of relatively low accuracy, suitable for such 
digital-to-analogue conversion purposes as driving an audio amplifier 
from the outputs of a flip-flop register, etc. It is used in the high 
speed display system for driving the intensity amplifier and the 
astigmatism control circuit. 


Position Decoder PIP (So. 28) forms the position control stages 
for the X and the X decoders. The bases ©f and are connected to 
the taps of a dual ganged potentiometer connected to provide opposite 
variations as the control is varied. - This potentiometer is supplied with 
the PB reference voltage through an emitter follower, q , and is returned 

J 

to -4Q volts. Thus, if the control is started with pin e at the Pi 
reference voltage and pin K at -40 volts, q% emitter current will be zero 
and Qg emitter current will be approximately 0.25 ®a. $ls the control is 
varied, the W 0 M out current will linearly increase and the w l w out 
current will linearly decrease until the "0 W out is now 0.25 ®a and the 
W 1 M out is 0 ma. The total current is constant at all times and so the 
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The -to volt supply is obtained from an emitter follower, Q 3 , whose 
base is held at -to volts by two double-anode Zener diodes in series. 

A constant current is supplied to these diodes by Q. and its associated 
5°4 volt Zener diode. 

The PD reference voltage supplies the bases of all the decoder 
current sources and, therefore, must be regulated with respect to the 
-to supply rather than ground. Five 6.2 volt double-anode Zener 

9 C 1 ' Iff 

reference diodes are supplied with a constant current by Q 2 . The 
output is from an emitter follower, Qi. The variations of the Qi emitter- 
base voltage with temperature will partially compensate for similar 
variations in the decoder current source transistors. 

Low impedance of these voltages at higher frequencies is insured 
by by-passing the -to volt supply to ground and the p® reference to the 
-to volt supply. 


<A> 

Hoffman, type 11229> purchased to 20 volt -5 P specification. 
Texas instrument, type 65109> 5°^ volt -5%. 

Hoffman, type H429A, 6.2 volt *5°jb° 




















Schmidt Trigger? Mod g (l©. 53) This circuit provides an output 
■between ground and -3 volts that is independent ©f the rise and fall 
times of the input. The output level is inverted with respect t© the 
input o The circuit trigger® when a rising input reaches “0.9 volts, and 
the output falls in less than O 0 I 5 psee. it also triggers when a falling 
input reaches » 2°2 volts, and the output then rises in less than 0.1 psee. 

There are two identical circuits per plug»in unit, with independent 

inputs and outputs. E&eb circuit consists of the trigger circuit itself 

# 

made up of two ipi 21357 transistors, and an L-513 1 #- inverter amplifier. 
With the required input current of 0.5 ma, the maximum output current 
from the inverter is 15 ma at both ground and -3 volts. This is enough 
to drive a cable through the 82 ohm series resistance which is provided. 

A filter network with a time constant ©f 2.2 raillisee is also available 
within the unit. For the first circuit, filtering is obtained by feeding 
the signal into pin g, and connecting pin B to the normal input at pin T. 
The normal output is obtained from pin f, and the cable driver output 
from pin l. The filtering for the second circuit is similar. 


General Transistor 



from ground to -5 volts in phase with the input. The maximum output 


transition time for both rise and fall is 5 psee. There are two identical 
amplifier circuits per plug-in unit; with independent inputs and outputs. 


Sylvania 1S77® 

Bourns Trimpot, 120-15-500,000 
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Lamp Lighter (No. 68) is an amplifier to supply current to light 
the 3© volt lamps on the console. This unit is identical in lay-out and 
pin connections to the solenoid driver (No- 38) hut uses different 
transistors and different component values. There are two lamp lighter 
circuits per plug-in unit. 

A ground level is required at the input to light the lampj a -3 
volt input level will keep the lamp off. The input current required is 
O.63 ma at -3 volts and the maximum output current is 100 ma at -3Q volts. 
The lamp is connected directly between the output and the -30 volt supply. 



Out" a level is obtained which goes from -3 volts up to ground, remains 
at ground as long as the button is pushed, and then returns to -3 volts. 


prom "Level Gate Ho. 2 out", the level goes from ground to ~3 volts 



to ground 
driving 
.irectly 
>ax cable 


or twisted pair line should be used and the output obtained through the 
82 ohm series terminating resistor from pins L or b- 





drive a 100 ohm cable which can, in turn, drive two transistor bases. 

The same considerations relative to the length of line to be driven apply 
to pulses as well as levels, pulse driving lines, however, must be 



before-break type. Consequently there will be a time at the beginning 
and end of the output level when the signal at both level output gates 
will be at ground. This length of time is approximately TOO psec. Thus 



Ho. 2 Out 


-3 -W 
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The mercury relay and the push button and associated resistor and 
capacitor decoupling must be mounted externally to the plug-in unit, it 
is essential that the decoupling shown in the circuit diagram (Figure 104 
in Reference Manual) be mounted at the push button. Its purpose is to 
filter out the contact bounce of the push button by inserting a low-pass 
filter between the button and the mercury relay coil. 


*Clare HG 1012 
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generates a 0.1 psee 3 volt negative 
pulse from, either a rising or falling input swinging between ground and 
-3 volts with a transition time of less than 0.2 psee. 


The pulse former requires a rising input of at least 2.4 ma at pin 
D to cut off and simultaneous ly . A falling input would be applied 
to pin N (pin J connected to pin ©) t© go through the inverter Q_, which, 
because of its gain, requires an input of only 1.2 ma. in either case, 
the output of the emitter of is driven immediately down to -3 volts. 
The negative waveform travels down the lumped-eonstant 0.1 psee delay 
line and causes Q^-to conduct 0.1 psec after the input is applied, when 
Qg conducts, the base of goes back to ground and the output rises to 
ground. The resultant 30 ma 0.1 p®@© negative pulse is enough to drive 
a terminated 100 ohm cable or twisted pair line. 
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Input Mixer (No° 45) and input Mixer Amplifier (Ho. 32) The Input 
Mixer will mix two levels from input-output equipment in the in-out frame. 
There are four separate circuits per plug-in unit and each circuit has 
two inputs and two outputs. Each circuit consists of two pairs of 
transistors? the first is a PNP inverter (Qa) in parallel with an NPN 
emitter follower (Q 2 ) with the output at pin A, and the second consists 
of two NPN emitter followers and with the output at pin c» The 
input to the circuit is at pin H, and the gating input is at pin M» With 
pin M at -5 volts, the desired negative output appears at pin A if the 
input at pin H is at ground, and at pin C if the input at pin H is at 
-3 volts, if pin M is at ground, "both outputs are at ground regardless 
of the input at pin H» The possibilities are summarized below? 


Input 

Gate 

Out 1 

Out 2 

Pin H 

Pin M 

Pin A 

Pin C 

-3 v 

-3 v 

Gnd 

negative 

Gnd 

-3 v 

negative 

Gnd 

-3 v 

Gnd 

Gnd 

Gnd 

Gnd 

Gnd 

Gnd 

Gnd 


The operation of the other 5 circuits is similar, pin M is the 
common gating point for inputs at pin H and pin Sj pin l is the common 
gating point for inputs at pin N and pin p. 

The input current required at pin 1 is 1.2 ma at -3 volts, and 
0.5 ma at ground. The gating input current required at pin M is 2 ma. 
The negative output current available is 3 ma. 
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input Mixer (No. V?) and input Mixer Amplifier (no. 32 ) (Cont.) 

The negative output signals from a number of input mixers are 
mixed and fed into the input mixer amplifier which contains four separate 
transistor inverters with a diode input for each. The input current 
needed for each inverter is 2 ma at -3 volts, and 1 ma at ground. The 
maximum output current of the Input mixer amplifier is 3*6 ma at -3 volts. 

When the amplifier is used in the computer, the output signal is 
fed through a cascode cable driver which reinverts it, and sends it out 
over a cable to a flip-flop in the E register of the central computer. 

The signal which originally came from pin C of the input mixer is used to 
gate a base input to the SET side of the flip-flop; the signal which 
originally came from pin A gates the CLEAR side of the same flip-flop. 
Thus, provided that the gating input at pin M of the mixer is at -3 volts, 
the flip-flop will be either set or cleared depending on the input at 
pin H* If the gating input at pin M is at ground the state of the flip- 
flop will not be changed. 

A block diagram of this system is shown below: 



^ Cascode 
Coble 
Dhiver 


Set 



Cleat- 
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IN-OUT LOGIC CIRCUITS 


Introduction 

The logic units to he discussed in the following part of this 
handbook are used in connection with the input-output equipment. The 
basic inverter circuitry is all a-c coupled, instead of being d-c coupled 
as is the high speed logic circuitry previously discussed. It is the 
rising transition from -3 volts up to ground which does the work. L-513^ 
transistors are used throughout, and the inverter output swing is clasped 
to -3 volts by a diode and to ground by the transistor itself. The 
circuitry is designed to operate at a maximum speed of 800 kcps — a much 
lower prf than that of the central computer. The time constants are such 
that 1.2 p,see is needed between one event and the next. Diode mixing is 
by capacitor-diode gates which provide logic OR gates when their outputs 
are in parallel. 


*Clevite» CTP-592 
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The Capacitor~Biode Gate £go<, 63) (CK) is used to form a positive 
pulse from a waveform which, is risiag from -3 volts up t© ground. The 
required input e®» have a maximum rise time of 0.2 psee. peak input 
currents of 2 ma in the transition toward ground and 1 is in the transition 
toward -3 volts are required. The set-up time for the gating input is 
1.2 psec= The gate is so biased that the output pulse goes from -0.6 volts 
up to about +2 volts with a width off approximately 0.5 psee. op to 10 
gates may be connected in parallel t© form am ©K circuit, plug-in unit 
No. 63 contains six such gates, with independent inputs and outputs, 
except that two output® are connected in parallel at pin 4 . For the first 
circuit, the input is at pin B and the output is at pin A° Pin © is a 
gating point| a ground input gates the pulse on, and a ->3 volt input of 1 ma 
prevents the pulse from being formed. The positive pulse is used to cut 
off the base of a transistor which is norrnally biased on from a negative 

.. j 

supply. The other five circuits are similar. 



clashed l- 513 ^ inverters in series. A negative pulse output is obtained 
from the first inverter (Qi), the positive output from the second (Q 3 ). 
There are two identical circuits per plug-in unit with separate inputs 
and outputs. For the first circuit the input is at pin B> the gating 
noini is at 131111 W. the negative tmlse entrant is at tiina n and V. and the 


positive pulse output is at pin l. pin j is the point at which other 
capacitor-diode gates may be connected to form an OR circuit. 














associated with the in-out equipment, and to drive 93 ©hm cables or 
twisted pair lines to and from the in-out frame ° Each emitter is brought 
out separately so that it can be gated on by a ground level at the emitter ° 
tech transistor of the output distributor has a load resistance plus an 
82 ohm series terminating resistance for driving cables.. The base inputs 
to Qi and Qg are common at pin k s and the inputs to % and are common 
at pin Bo The output mixer has all four inputs and outputs at separate 
pinsj the one load resistor and one cable driving resistor are brought 
out to separate pias- Thus transistors ia the output mixer may be placed 

. Ii 

in parallel with those in the output distributor » 

Both distributor and mixer units require an input’ current of 2<>2 
m& at -3 volts, and 0»4 ma at ground» output voltage levels of these 
units are clamped at ground and -3 volts.. The maaEimum output current 
available is 2°9 at -3 volts, and 15 n® at ground« Thus, when driving 

a cable or twisted pair line through the 82 ohm resistance, the rise time . 
at the end of the cable will be equal to the rise time ©f the current 
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Line Driver (Ho. 66) is similar to the output distributor and 
output mixer in that it contains four L-5134 clamped inverters, and is 
used in association with the in-out equipment. However, its primary use 
is for driving Rg 62 /u coaxial cable or twisted pair lines, its input 
and output pin connections are identical to those of the cascode and cable 
driver (Ho. 08 ) , with four separate inputs, four direct outputs, and four 
outputs through 82 ohm series terminating resistances. 


The input current required is 2.2 ma at -3 volts, and 0.4 ma at 
ground. The maximum output current available is 7 ma at -3 volts, and 
10 ma at ground. Each line driver transistor will drive one cable, with 
a rise time of about 30 mpsee and a fall time of about 8 mpsec per foot 
of cable (minimum of 30 mpsec). 



6B-2631 


67 - 


Dual. Flip-Flop Mod II (lo° 6l) provides logic levels of ground 
and -5 volts. Every plug-in unit contain® two independent flip-flops, 
each of which has two L-5134 R0 coupled inverters (Qx and Qg), two 
capacitor-diode gate®, and two additional transistors (Q s and, to 
drive an indicator light. 


Because of the 1.2 p.see set-up time of the capacitor-diode gates, 
the maximum prf of this flip-flop is 800 heps. The unit may he set and 
cleared internally hut external logic delay provided hy eap&eitor-diode 
gates is required for complementing. The proper connections for 
complementing the flip-flop are shown in Figure 20. The output voltage 
is clamped at.ground and at -3 volts. The maximum output current is- 
6.5 m& at -3 volts and 5 ma at ground. 


The inputs at pin B "SET H, ® and pin B m C 1MK II," set and clear 
the flip-flop from a level which is rising from -3 volts to ground. These 
inputs are similar to those of the capacitor-diode gate except that they 
cannot he gated. The flip-flop may also he triggered from 0.1 psee 
pulses applied through the conventional L -5122 two transistor gate* using 
an external 10|C resistor to -10 volts and a clamp diode (OTP-592) to -3 
volt®. The collector of the gate is connected to pins B or B for setting 
or clearing. This circuit will he less sensitive than that of the high 
speed flip-flop and will require a minimum trigger pulse■of about 2 volts. 


plots of voltage margins vs. prf and voltage margins vs. rise time 
of the input waveform are given in Figures 21 and 22. 


Ip to 10 capacitor-diode gates (Ho. 1 63 ) may he connected in 


clear the flip-flop. 



SA-87040 
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A-84974 margins in volts 
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DUAL FLIP-FLOP, MOD. JL 

MARGINS VS P.R.F 
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ichroniaer (Ho 
|Oo oi) to which is added 
synchronizer unit includes 
two mixing diodes, and a 
computer clock asynchronous 


consists of one dual flip-flop Mod II 
diodes and a resistor. Thus the 
flip-flops, four capacitor-diode gates, 
resistor. It synchronizes with the central 
pulses or levels from in-out equipment. 


in normal operation, pin J (the 2EB9 output of the second FT 0 ) is 
connected to pin 1, the common gating point for the am inputs. The 
asynchronous input comes in to pin ? of the capacitor-diode gate which 
can he gated at pin T° The synchronous clock pulse input consists of 
positive levels (-5 volts up to ground) 0.4 psee wide occurring every 
1.6 psee. The clock pulse input at pin © is applied in common t© the 


FF. The output of the synchronizer is usually taken from pin R, the OH 
output of the 1st FT". 

At the beginning,of the operation both flip-flops are in the mn 
state. The asynchronous level or pulse from the in-out device sets the 
1st IF to a 01E and the output at pin R goes from ground down to -3 volts. 

•"I 

The next clock pulse sets the 2nd If to a 01E because the capacitor-diode 


the HERO input gates are now gated on by the ground level from pin J. 

Thus on the second clock pulse, the synchronizer output at pin R goes 
from -3 volts up to ground. It is this positive-going transition that is 
used as the synchronous output. 


The input and output specifications for this unit are the same as 
those of the dual flip-flop Mod IX (So. 6l) . 
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Belay Unit (No. 69) consists of two double-pole double-throw 
relays each of which can switch a maximum of 2 amps. Each relay draws 
16.5 ma through its 1825 ohm coil resistance at nominal -30 volt operation. 
The actual voltage required to pull in any of these relays is a maximum 
of -20 volts and any of them will drop out at no less than 3*5 volts. 


* 


Clare, Type F, No. HP 7638 
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REFERENCE MANUAL 


ZSRO IN ONE IN 
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HIGH SPEED FLIP-FLOP 
Handle Colors Black Brown 

Straffing Numbers D- 661+39 (lug); D- 81+997 (eyelet) 

W Numbers 63-580 (lug); 63 -IO 67 (eyelet) 

Transistors** 9 l-5122; 4 l-5134; 1 2N188a 

power Supply voltages* +10 MCA; +10 mcb; -3; -10 

Uses Bistable device to provide logic levels of ground or -3 volts 

Remarks* May be set, cleared, or complemented 
Maximum prf: 3 mcps 

Cascode output provides 30 ma output current 


*All transistor type numbers are Identified with manufacturer In appendix 
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SCHEMATIC 



CARP % 


FIG. 26 

PARALLEL(6)INVERTER 


CARP *B u 
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02 


NO- 

_ INVERTER P-6 

Handle Color* Black Red 

Drawing Number* D-67285 (lug); d-86866 (eyelet) 

PW Number: 63-582 (lug); 63-1023 (eyelet) 

Transistors* 6 L-5122 
Power Supply Voltages* +10 MC; -10 

Use* inverters for logic and gating. Contains 2 load resistors 

Remarks* 

s 

All transistor type numbers are identified with manufacturer in appendix 


F J W M N L 5 ft 



u = i/ov MC, 

P = -/OV 

FIG,27 


•BCl 
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INVERTER 8-8 


"• 0 3 


Handle Color: Black Orange 

Drairing Humber: D-80129 (lug); d- 8686? (eyelet) 

PW Number: 63-582 (lug); 63-1023 (eyelet) 

Transistors: 8 L-5122 

power Supply Voltages: +10 MC 

Use: inverters for logic and gating 

. ' 5f i 

Remarks: 


All transistor type numbers are identified with manufacturer in appendix 





SCHEMATIC 



FIG. 30 


PARALLEL (5) INVERTER 





p. 83 


6 D -2631 


04 



Handle Color* Black yellow 

Drawing Number* D-67255 (1 U S)> D -86518 (eyelet) 

FW Number* 63-582 (lug); 63-1023 (gyelet) 

* 

Transistors* 5 L-5122 

Power supply Voltages* +10 MC; -10 

Use* inverters for logic and gating, contains 2 load resistors. 


Remarks* 




U * + /OvMC. 

P--IOV 


FIG. 31 


•'VWW 
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INVERTER 8-6 

Randle Color* Black Green 

Drawing Numbers 0-67254 (lug); 0-86865 (eyelet) 

XV Humber* 63-582 (lug); 63-1023 (eyelet) 

Vr*neletore* # 6 L -5122 

Power Supply Voltages? +10 MC 

Use* Inverter a for logic and gating 

Remarks* 


All transistor type numbers are identified with manufacturer in appendix 



B 
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R 
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SCHEMATIC 


NOV 



CARP "A " CARD "b" 


FIG. 34 

(8) TRANSISTOR EMITTER FOLLOWER 



P* 87 6 D -2631 

EMITTER FOLLOWER 8 

Handle Colors Black Blue 

Drawing numbers D-67273 (lug); d- 86827 (eyelet) 

Plf numbers 63-581 (lug); 63-1021 (eyelet) 

Translators?* 8 L-5122 

Power Supply Voltages? +10 

Uses Emitter followers for logic and current amplification. Contains 4 
load resistances 

Remarkss 



* 

All transistor type numbers are Identified with manufacturer in appe n d i x 
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EMITTER FOLLOWER 4 
Handle Colors Black Violet 

Draving Numbers d- 67272 (lug); D-86826 (eyelet) 

PW Numbers 63-581 (lug); 63-1021 (eyelet) 

Transistors** 4 L-5122 
Power 8upply Voltages s +10 

Uses Emitter followers for logic and current amplification. Contains 4 
load resistances 

i , ■ 

> , f 

Remarksj 


All transistor type numbers are Identified with manufacturer in app endix 









SCHEMATIC 



FIG. 38 

CASCODE AND CABLE DRIVER 
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CASCODB AMD CABLE DRIVER 
Handle Colors Black Orey 

Drawing Number: 0-67159 (lug); D-86555 (eyelet) 

PIT Number* 63-514 (lug); 63-1022 (eyelet) 

Transistors;* k L-5122} 8 L-5134 

power Supply Voltages* +10 MC; -3; -10 

Use* Inverting power amplifier, and cable driver for 93 ohm cable and 
twisted pair wire. 

Remarks* k circuits per PIU 



# 

All transistor type numbers are Identified with manufacturer in 



P'+/Ov MC 
K *-/0v 

E;-3v 

U = Grind 


FIG. 33 




r /O V A1C 

Oft 


+/ 0 —- 




40 
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REGISTER DRIVER 

Handle Colon Black White 

Braving Number* d- 67976 (lug); 0-84924 (eyelet) 

PW Nunfoer* 63-624 (lug); 63-1027 (eyelet) 

Transistors** 9 l-3122; 3 L-5134 

Paver Supply Voltages* +10 MCj +10; -10 

Use* pulse gate for driving register of pulsed bases 


Remarks* 3 circuits per PIU 


f 

All transistor type numbers are identified with manufacturer in appendix 



-/Ov- 




m 


ADDRESS DECODER 
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Handle Color* Brown Orange 
Drawing Humber* D-67141 
JV Humber* 63-606 
Translators** 12 L-5122 
power Supply Voltages* +10jMC -3 * 

Use* Address Decoder in TDCM and 8 memory and emitter follower logic 


Remarks* 


All transistor type numbers are Identified with manufacturer in appendix 




0*87626 
A- REDUCTION 


schema tig 



-sov 
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NO- 

REA D AMPLIFIER AMD PIPIT DRIVER MO D II 

Handle Colors Brown Blue 
Drawing Number: D-87626 
Ftf Number: 63-1121 

Transistors:* 3 1-5122} 2 L-513 1 *; 2 2N635 

Power Supply Voltages: +10 MCj +10; -3; -10; -30 

Use; sense amplifier and digit line driver for Index Memory 

Remarks: 

# 

All transistor type numbers are identified with manufacturer in appendix 



£>-3v 


U * 


r/ 6 . -75 





OUTPUT TO aico/ve 
It/tL J*LtCT/OH, 
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HO- 

SELECT CIRCUIT 1ST LEVEL 

Handle Colors Brown Violet 
Drawing Number? d- 67511 
FW Number* 63-595 
Transistors* 2 L-513^J 2 2N580 

Power Supply Voltages? +10 MCJ -3j -10 

Use; First level selection circuit for Index Memory 

Remarks; 

All transistor type numbers are Identified with manufacturer in appendix 



~-/ov -/ov 


p = +/OvMC 
E - -3v 

K = -/Ov 
U - Qn<rl. 


FIG. 47 
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Handle Color) Brown Grey 
Drawing Number; d- 67572 
FW Number; 63-609 

Transistors;* 5 L-5122; 3 L-5134; 2 2N580 

Power Supply Voltages; +10 MCi +10; -3; -10 

Use; second level selection circuit for Index Memory 

Remarks; 

All transistor type numbers are identified with manufacturer in appendix 



Kt-/Ov 
l> Grnd. 


FIG.49 






D-80635 

A- REDUCTION. 


SCHEMA TIC 


+I0MMC, 
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HO. | ^ 


_ HEAD DRIVER 

Handle Colors Brown white 
Drawing Number: d- 8063 5 
PW Humbert 63-956 
Transistors: 2 L-5^32 

Power Supply voltages; +10 MCj -10; -30 

Use; Read Driver for Index Memory 

Remarks; 


All transistor type numbers are Identified with manufacturer in appendix 



P*t/OvtfC 

K=-/0v 

A*-3 0v 
U~Qnd' 


FIG.51 









Handle Color: Red Brown 
Drawing number: D-67573 

PW Number* 63-597 

Transistors:* 2 L-513^> 4 2N501 

Power Supply voltages* +30 MCi +10 MCi -30 

Uses write Driver for Index Memory 


Remarks: 


AH transistor type numbers are identified with manufacturer in appendix 



in E>t3 ov 

. P=+ /Ov MC. 


k --'/ov 
A---3DV 
U“ 6jncl 


FIG, 5 3 




FIG. 54 

POWER PROTECTOR 


« «! 

?«> 

** 
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no. 


22 


_ POMS PROTECTOR 

Handle Color} Red Red 
Drawing Humber} d-82709 

HT Humbert 63-029 

* 

Trans1 b tors; 3 2H17^ 

Power Supply voltages} + 1 Q; - 3 ; .10 

Uses provides protection against over voltage on computer 


Remarks} Also contains 6 Transitron Diodes - 

3 TM7> 2 SV2079 Zener, 1 SV2080 Zener 


All transistor type numbers are Identified with manufacturer in appe ndix 



FIG. 5 5 



"A" RED 


SCHEMATIC 



HG. 56 

VARIABLE DELAY UNIT 












Handle Color* Red orange 
Drawing Number: d- 84175 
FW Number* 63 -942 

Transistors:* 7 l-5122; 3 L-5134 

power Supply Voltages: +10 MC; +10j -3; -10 

Use: provides delayed level. Duration of -3 volt level variable from 

.3 psec to 2.2 sec. 

Remarks: 




SCHEMA TIC 


C/HRO 



FIG. 58 

PARALLEL (8) NVERTER 
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NO- 


24 

_ INVERTER P-8 _ 

Handle Color* Red yellow 

Drawing Number* d -86886 

IW Number* 63-1023 

Transistors* 8 L-5122 

Power Supply Voltages* +10 MC; -10 

Use* inverters for logic and gating. Contains 4 load resistors. 

Remarks* 

All transistor type numbers are identified with manufacturer in appendix 


FIG.59 









WO STAGE DECODER 

Handle Color* Red slue 

Drawing Humber: d«68017 

Plf Humberj 63-623 

Translators:* 12 2Nl<>7 

Power Supply Voltages* 

Use* Decoder for high speed display 

Used for first 6 bits of position decoder. 


Remarks* 


# 

All transistor type numbers are Identified with manufacturer in appendix 



fig. a 
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POUR STAGE DECODER 

\ 

Handle color* Red violet 
Drawing Humber* d-67993 

PW Humber* 63-621 
Transistors** 12 2N167 
Power supply Voltages* 

Use* Decoder for high speed display 

Remarks* 

# 

All transistor type numbers are identified with manufacturer in appendix 




^Zl -I' 
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28 

POSITION DECODER 

Handle Colors Red Grey 
Droving Numbers d -67844 
Ftf Numbers 63-618 

Transistors;* 4 4jDlA2lj 10 2H167 
Power Supply Voltages* -40 

Uses position control stages for X and y decoders of high speed display 

Remarks* 

All transistor type numbers are identified with manufacturer in appendix 


F/G.G5 

■ O OUT /OUT o OUT /our 
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FOCUS DECODER 
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NO* 


_ FOCUS DECODER _ 

Handle Colors Red White 
Drawing numbers D-67904 
PW numbers 63-620 

•e 

Transistors? 8 2H107 
Power Supply Voltages? 

Uses used for Intensity and astigmatism control for high speed display 

Remarkss 



All transistor type numbers are identified with manufacturer in appendix 












Handle Color* Orange Black 
Drawing number* D -69151 
IW Number* 63-664 

Transistors** 4 4JD1A21; 2 GT-901; 4 2N167 

Power Supply voltages? -40; -45 (both obtained from decoder power unit ) 

Use* Amplifier for decoder and astigmatism control for high speed display. 
Contains 2 series regulated power supplies and 2 decoder stages. 


Remarks* 


All transistor type numbers are identified with manufacturer in appendix 
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P- 123 


6D-2631 


31 


DECODER POWER UNIT 

Handle Colors orange Brown 
jawing Number; D-69152 
Ftf Number; 63-670 

Transistors;* 1 4jDlA2l| 1 GT-901J 1 2N167} 1 GA-52830 

Power Supply Voltages; -50 

Use; provides -40 volts, -45 volts, and position decoder reference for 
decoder gain section (No« 30) • 

Remarks; 


All transistor type numbers are identified with manufacturer in appendix 



— 40 v 

OUT 

-45v 




D-86868 
"A" RED 


SCHEMATIC 



FI 6. 72 

SERIES (8R) INVERTER 
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NO. 


INVERTER 3-8R _ 

Handle Colors orange Red 

Drawing Numbers d- 80130 (lug); b-86868 (eyelet) 

Ptf Numbers 65-582 (lug); 63-1023 (eyelet) 

4f- 

Transistors* 8 L-5122 

Power Supply voltages* +10 MC; -10 

Uses inverters for logic and gating. Contains 2 load resistors. 

Remarks® 



All transistor type numbers are identified with manufacturer in appendix 
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NO. 


...irnmi iL- . 

Handle colors orange orange 
Drawing Numbers d- 81274 
PW Numbers 63-782 

Transistors;* 8 L-5122; 2 L-513 1 * 

power Supply Voltagess +10 MCI -10 

Uses inverters for logic and gating, used as memory selector for S memory. 
Contains 4 load resistors. 

Remarks* 


33 


All transistor type numbers are identified with manufacturer in appendix 
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PARITY CIRCUIT 


Handle Color? orange Yellow 
Drawing Number; d-81271 
Ftf Number? 63-786 
Transistors?* 8 L-5122 

Power Supply Voltages? +10 MCf +10j -3} -10 

Use? 6 inverters are 2 emitter followers used in M and N register parity 

circuits. Contains 2 load resistors for Inverters, and 2 for emitter 
followers. 
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Handle Color? orange Green 

Drawing Humber? d-84151 (lug)} D-86828 (eyelet) 

PW Number? 63-581 (lug)} 63-1021 (eyelet) 

Transistors? 9 L-5122 
Power Supply voltages? +10} -3 

Use? Emitter followers for logic and current amplification. Contains k 
load resistors. 


Remarks? 


All transistor type numbers are identified with manufacturer in appendix 
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NO* 

PULSE TRANSFORMER _ 

Handle Color: orange Blue 

Drawing Number: d-82342 

FW Number: 65-841 

Transistors:* 

Power Supply Voltages: 

Use; Input: 30 volt 0.1 jtsec negative pulse from vacuum tube clock. ; 

Output: 3 volt 0.1 nsec negative pulse to transistor register drivers. 

Remarks: Contains two pulse transformers and terminations per PIU. 

All transistor type numbers are identified with manufacturer in appendix 



FIG.81 





829o& 


SCHEMATIC : 



TIME LEVEL DECODER 
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37 


TIME LEVEL DECODER 

Handle Colors Orange violet 
Drawing Number: d-82908 
FW Numbers 63 - 87 I; 63-51^ 

Transistors* 7 L-5122; 4 L-5134 

Power Supply Voltages* +10 MC; +10; -3; -10 

Use* 5 -way emitter follower AND circuit used as decoder followed by 2 

Cascode circuits. 

Remarks* Both ground and -3 volt outputs are obtainable. 

ft 

All transistor type numbers are identified with manufacturer in appendix 



U’Gnc/ 
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SOLENOID DRIVER 

Handle Color* orange Grey 
Drawing Humber* D-8^655 
JW Number* 61-074 

Transistors** 2 2N241AJ 2 H-6 (2N539) 

power Supply Voltages* +10; -10 

ITse* power amplifier to drive solenoids in electric typewriter 

Remarks* Maximum output current* 600 ma 

Maximum output voltage* 30 volts 



# 

All transistor type numbers are identified with manufacturer in appendix 



U*t/Ov 

$ k -/Ov 

V*Gnci. 


FI G.85 





TO EXT 

3000 0HN\$(2 18,606 eW RES. 
iN PARALLEL) ^ 

- 150 V SUPPLY 


FI 6. 86 

TOGGLE SWITCH STORAGE RESISTOR DRIVER 
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HO. 39 


TSS RESISTOR DRIVER 
Handle Color* Orange white 
Drawing Humber* D-8258I 
PW Humber* 63-883 

Translators;* 2 L-5122} 2 L-5134} 2 2N123} 2 GA-52830 

power Supply Voltages* +10 MC; +10} -10} -25 (From TSS Power unit) 

Use* provides drive current for resistor decoder network of toggle switch 
storage. 

Remarks* Requires external 9000 ohm resistor connected to -150 volt power 
supply. 2 circuits per PIU 


9r 

All transistor type numbers are identified with manufacturer in appendix 
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P~- +-/OV | 

V---25V -/50v 

U~Grhd 
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NO. 

TSS DIGIT DETECTOR 

Handle Colors Yellow Black 
Drawing Number: d-82557 
FW Number; 63-886 
Transistors; 6 l-5122 
Power Supply Voltages; +10 MC> -10 
Use: Detects selected digits in toggle switch storage. 

Remarks; 

AH transistor type numbers are identified with manufacturer in appendix 



A -~+/0vMC 

~/ov 
U* Grml 
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_ T83 POWER UNIT _ 

Handle color* Yellow Brown 
Drawing Number* 0-82691 
PW Number* 63-884 
Transistors* l h-6 (2N539) 

Power Supply Voltages* -30 

Use* provides -25 volts for TS3 resistor driver (No- 39) 

Remarks* 



AH transistor type numbers are Identified with manufacturer In appendix 



P>-30v. 


F/G.9I 




P-047t>I 


SCHEMA T/C 





O&te : 

TRANSISTOR'S ARE MINNEAPOLIS WONKiEYNWEU- ty-fe 
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FIG. 92 

POUR H-6 
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HO. ^ J 


_ FOUR H-6 _ 

Handle Color* yellow Red 

Drawing Humber: d- 84761 
PW number: 

# 

Translators: 4 H -6 (2N559) 

Power Supply voltages: 

Use: power amplifier. Used In electric typewriter circuitry 

Remarks: Maximum collector current per transistor: 2 amps 

Maximum collector-emitter voltage: 60 volts 


dll transistor type numbers are identified with manufacturer in appendix 
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NO* 


_ TYPEWRITER DIODE _ 

Handle Colors Yellow Yellow 
Drawing Number: D-85686 
JW Numbers 63- 92 ^ 

Transistors:* 
power Supply voltages: 

Uses Contains 16 OE Silicon 1N537 diodes used in electric typewriter circuitry. 

Remarks: Maximum current 750 ma PIV ■ 100 volts 



# 

All transistor type numbers are identified with manufacturer in appendix 




FIG. 95 
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45 


_ INPUT MIXER _ 

Handle Colors Yellow Green 
Drawing Humber: D-85545 
FW numbers 63-953 
Transistors;* 4 L-5122; 12 2N357 

Power Supply voltages: +10 MC) -10 

Uses Mix input levels for input-output equipment in in-out frame 

Remarks: 4 circuits per piu 


All transistor type numbers are identified with manufacturer in appendix 










Handle color: yellow Blue 

Drawing Humber: D -85386 
FW Humber: 63-582 

Transistors:* 4 l-5122j 3 L-513 1 *; 1 2N501 

Power Supply Voltages: +io MCj -10V 

Uses Inverters used in X-Adder carry circuit to provide fast carry time 


Remarks: This is similar to unit 32, the Inverter 8-8r , with different 
transistors and load resistors. 







Handle Color* yellow Grey 
Drawing Humber* D-64995 
FW Humber* 65 - 96 I*. 

Transistors;* 
power Supply Voltages* 

Use* controls timing of Inhibit levels in S memory. Taps at 7*5 musec 
intervals 


Remarks* Nominal total delay* .15 ^sec 

Terminate end with 220 ohm resistor 


All transistor type numbers are identified with manufacturer in appendix 
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VARIABLE DELAY COUPLING UNIT 


Handle Colors yellow white 

Drawing Number: D-80513 

PW Numbers 63-976 

Transistors** 1 L-5122} 3 L-5134 

power Supply Voltages: +10 MCj -3; -10 

Uses Used to couple one variable delay unit (No. 23) to another so as to 
provide a delay which will last for a given time after the last of a 
series of pulses. 

Remarks: 


All transistor type numbers are identified with manufacturer in appendix 
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MERCURY RELAY SIGNAL GENERATOR 
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MERCURY RELAY SIGNAL GENERATOR 


Handle Color* Green Black 
Braving Number* d- 80700 
FW Number* 6O-982 
Transistora** 

Power Supply Voltages* +10; -3; -10 

Use* provides 3 volt negative pulse, or ground level, or 3 volt negative 
level upon application of push button. 


Remarks* Requires externally mounted Clare HG1012 Mercury Relay, and 
push button. 


All transistor type numbers 


are Identified with manufacturer in appendix 


I 



U'-Gmd. 


F/6. /OS 











I-1 

VARIABLE DELAY AUXILIARY UNIT 

Handle Color? Green Brown 
Drawing Number? D -85673 
FW Number? 63-974 
Transistors? 4 L-5122 
Power Supply Voltages? +10 

Uses provides a switch under computer control to switch among any of four 
values of delay 


Remarks? Used with variable delay unit (No« 23 



0-05744 


SCHEMA TIC 



FIG. 108 

INPUT MIXER AMPLIFIER 
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5 2 


INPTJT MIXER AMPLIFIER 

Handle Color* oreen Red 

Drawing Number* 85744 

FW Number* 65-988 

Transistors* 4 l-5122 

Power Supply Voltages; + io MCi -10 

Use; inverting amplifier for levels coming from input mixer (No. 45) 


Remarks* 4 circuits per PIU 




All transistor type numbers are Identified with manufacturer in appendix 


FIG.103 






D-87685 
A- REDUCTION. 


SCHEMA r/c 
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53 


SCHMIDT TRIGGER MOD II 


Handle Colors Green orange 
Drawing Numbers D -87685 
FW Numbers 63-1105 
Transistors** 2 L-5134; 4 2N557 

Power Supply Voltages* 10; -3; -10 

Use; Inverting circuit providing fast transition times between ground and 
-3 volts independent of input transition times 


Remarks; Trigger points; -0.9 volts, -2.2 volts 
2 circuits per PIU 


All transistor type numbers are Identified with manufacturer in appendix 





D-60515 

A* RtDUCTlOM 


SCHEMATIC 


+IOMCV 







p. 165 

PETR AMPLIFIER _ 

Handle Colors Green Yellow 

Drawing Number: d-80515 

FW Number* 65-987 
& 

Transistors: 2 ^JDlDlj 2 2N167 

power Supply voltages: +10 MCj +10; -5} -10 

Use; Emitter follower type amplifier for current supplied by photo diode. 
Used in photo-electric Tape Reader circuit. 

Remarks; 2 circuits per PIU 



'H* 

All transistor type numbers are Identified with manufacturer in appendix 



A* f/OvfiC- 
P-- f-/0 

K-/Ov ' FIG. US 

U~ GrncJ. 
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NO. 


.1 uSEC PULSE FORMER 

Handle Color: Green Green 

Drawing Number* d- 80314 
FW Number: 63-986 

Transistors** 4 l-5122; 1 L-5134 

Power Supply voltages: +10 MC; +10; -3; -10 

Use: Form .1 jisec 3 volt negative pulse from rising or falling level 

Remarks: Maximum output pulse current: 30 ma 


All transistor type numbers are identified with manufacturer in appendix 



K *'/Ov 
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6 D -2631 


NO. 


GATED PULSE AMPLIFIER 

Handle Color* Green Blue 

Drawing Humber* d-85748 

FW Humber* 63-961 

Transistors;* 2 L-5122; 2 2N501 

Power Supply voltages* +10 MCJ - 3 } -10 

Use* Pulse amplifier for .1 |isec 3 volt negative pulses. Used in in-out 

equipment, and for amplification after pulse has gone through a delay 
line. 

Remarks* 2 circuits per PIU 

# 

All transistor type numbers are Identified with manufacturer in appendix 
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60-2631 


NO* 


*13 uSEC 30 OHM DELAY LINE 

Handle Colors Green Violet 

Drawing Number? 0-85568 

FW Number? 6^-$6k 
* 

Transistors? 

power Supply voltages? 

Use? controls timing of Strobe pulses for S memory. Taps at 7*5 m^sec 
intervals. 

Remarks? Terminate end with 51 ohm resistor. 



*All transistor type numbers are Identified with manufacturer in appendix 
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60-2631 


• *» uSEC 73 OHM DELAY LIME 

Handle Color* Green Grey 

Drawing Number* D-857^6 

FW Number* 63-1002 

Transist »s** 

Power Supply voltages* 

Use* Controls timing of pulses for memory control flip-flops. Taps at 20 m^sec 
Intervals. 

Remarks* Terminate end with 75 ohm resistor 



All transistor type numbers are Identified with manufacturer In appendix 
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6D-2631 

OUTPUT DISTRIBUTOR 



Handle Color* Qreen White 
Drawing Number* D -85745 
PW Number: 63 -1000 

Transistors;* 4 L -5134 

power Supply voltages: +10 MCj -3j -10 

Use* 4 clamped inverters with 4 load resistors and outputs for driving 
bases and for driving cables 


Remarks; used in ln-out equipment 


$ 

All transistor type numbers are Identified with manufacturer in appendix 



FIG, 123 




U*875Z2~ 

A- RtDUCTtOH. 

CARD A 


SCHEMAT/C 


CARD B 




P. 177i 


6D-2631 



±2-iiflBC..P UI gE FORMER HDD II 


Handle Color: Blue Black 

Braving Number: b- 87522 
FW Number: 63-1001; 63-lOQO 

Transistors:* 4 l-513^ 

Power Supply Voltages: +10 MC; -3; -10 

Use: a-c coupled clamped inverters for forming .3 (isec 3 volt positive or 

negative pulses from wave form rising from -3 volts to ground 


Remarks: 2 circuits per pju 


All transistor type numbers are identified with manufacturer in appendix 
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6D-2631 



DUAL FLIP-FLOP M3D II 


Handle Colors Blue Brown 
Drawing numbers D-85749 
IV numbers 63-999 

Transistors:* 4 L-5134; 2 2N534f 2 2N321 

Power Supply Voltages: +10 MCj -3f -10 

Uses Bistable device to provide logic levels of ground or -3 volts. Used in 
in-out equipment 


Remarks* May be set or cleared 
Maximum prfs 800 kcps 

Clamped output provides 6.5 ma output current 
2 circuits per PIU 

All transistor type numbers are identified with manufacturer in appendix 
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6D-2631 


NO. 


6 2 


_ SYNCHRONIZER 

Handle Color* Blue Red 
Drawing Number* D-85888 
FW Number* 63-999 

Transistors** 4 l-5134j 2 2N534; 2 2N321 

Power Supply Voltages* +10 MCj -3; -10 

Use* contains 1 complete dual flip-flop Mod II (No. 6l) 
Used for synchronizing circuit in in-out equipment 


Remarks* 


All transistor type 


numbers are Identified with manufacturer in appendix 
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60-2631 


*° 63 

CAPACITOR DIODE GATE (CfO 

Handle Colort Blue orange 
Drawing Humbert D-857^7 
Ilf Humbert 63-1006 
Transistors** 

Power 8 upply voltages* -10 

Use* Contains 6 capacitor diode gates. Can be used for mixing and gating of 
levels rising from -3 volts to ground, output is positive pulse for 
use in in-out equipment 

Remarks* 


All transistor type numbers are identified with manufacturer in appendix 
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6D-2631 


NO. 

VT DRIVER AMPLIFIER 

Handle colors Blue yellow 
Drawing Numbers D-85751 
PW Numbers 63-1013 ' 

Transistors** 

Power Supply Voltages: +250; +150 MC; +10; -15 

Uses Amplification of 30 volt clock pulses, positive output pulse feeds 
VT buffer amplifier (No. 67) 

Remarks: Sylvanla 6888 vacuum tube and 250K potentiometer mounted external 

to unit 



4f. 

All transistor type numbers are identified with manufacturer in appendix 
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60-2631 


65 


NO* 

_ OUTPUT MIXER 

Handle Color* Blue Qreen 
Braving Number* D- 86317 
FW Number* 63-1000 
Transistors* 4 L-5134 

power Supply Voltages* +10 MC> -3> -10 

Use* 4 clamped. Inverters with one load resistor and one output for driving 
bases or driving cables. Used in in-out equipment 

Remarks* 

# 

All transistor type numbers are identified with manufacturer in appendix 
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$ 0-2631 


LINE DRIVER 



Handle Colors Blue Blue 
Drawing numbers D -86893 
Vi Numbers 63-1000 
Transistorss* 4 L-513^ 

Power Supply Voltage at +10 MC; -3] -10 

Ueeg 4 clamped inverters with 4 load resistors and outputs for driving bases 
and for driving cables and twisted pair lines. 


Remarkss Used in in-out equipment primarily for driving cables 


It 

All transistor type numbers are identified with ma&ufaaturer in appendix 



FIG J 38 
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60-2631 


BO. 6 j 


VT BUFFER AMPLIFIER 

Handle Colors Blue Violet 
Drawing numbers d- 84996 
FW Bombers 63-1014- 
Transistors •* 

Power Supply voltagess +250j +150 MCj +10; -15 

Use: provides 50 volt negative pulses for driving 93 ohm cable to pulse 
transformers in computer 

Remarks: Sylvania 6888 vacuum tube and 25QK potentiometer mounted external 

to unit 


All transistor type numbers are identified with manufacturer in appendix 
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6D-263I 


_ LAMP LIGHTER 

Handle Colors Blue Cray 
Drawing Numbers d- 87007 
FW Numbers 6 I- 87 U 
Transistorss* 2 2N536; 2 H-3 

Power Supply Voltages s +10; -10 

Use? used to light 30 volt bulbs 


*0. 6g 


Remarkss Maximum output currents 
Maximum output voltages 


100 ma 
30 volts 


All transistor type numbers are Identified with manufacturer in appendix 
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6D-2631 


"■ 69 


_ RELAY UNIT _ 

Handle Color* Blue White 
Craving Number* D-87655 
FW Number* 63-1061 
Transistors** 

Pover Supply Voltages* -30 

Use* contacts will switch 2 amps with 30 volt input on coil 

Remarks* contains two double-pole double-throw relays, 

Clare, Type F, No. RP7638 

All transistor type numbers are Identified with manufacturer in appendix 
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6d-2631 


199- 


APPENDIX 


LIST OF TRANSISTORS USED IN TX-2 CIRCUITRY 


Type Number 

As Listed in 
Text 

Manufacturer 

Equivalent 

Number 

Remarks 

GA-52830 

Western Electric 


PNP 

Core Switch 

GT-901 

Sylvania 


HPN 

Core Switch 

H~3 

Minneapolis 

Honeywell 


PNP 

power 

H-6 

Minneapolis 

Honeywell 

2N539 

PNP 

Power 

L-5122 

Philco and 

Sprague 

2N2%0 

(Similar) 

PNP 

SBT 

L-5154 

philco and 

Sprague 

2N393 

(Similar) 

PNP 

Micro-alloy SBT 

L-5409 

philco 

2N501 

PNP 

Micro-alloy diffused- 
base transistor - Very 
high speed switch. 

L-5^32 

philco 


PNP 

Micro-alloy diffused- 
base transistor - High 
voltage, high power 
2N501. 

2N123 

General Electric 




2N167 

General Electric 


NPN 

Audio, Grown Junction 

2NX74 

Deleo 


PNP 

Power 

wtU k P VBBHHI 

General Electric 


PNP 

Audio 
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LIST OF TRAHSISTORS USED IN 1X-2 CIRCUITRY (ConVd) 


Type Humber 

As fisted in 
Text 

Equivalent 

Manufacturer Humber 

Remarks 

2N242A 

General Electric 

PNP 

Audio 

2H321 

General Electric 

PHP 

Audio 

2N357 

General Transistor 

HPW 

Medium Speed 

2N396 

General Electric 4jDlDl 

FHP 

Medium Speed 

2N53^ 

PMlco 

FHP 

Audio, Miniature 

2H556 

philco 

PHP 

Audio, Miniature 

2 N 580 

RCA 4 

PHP 

Medium Speed 

2H635 

General Electric 

HPH 

Medium Speed 

4jDlA21 

General Electric 2H^3 

PHP 

Audio 


(Similar) 
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201 


SURFACE BARRIER TRANSISTOR SPBC1FI€AT1Q:HS 

philcos L-5122 Sprague? S-5122 Similar to types 2H240 

T»10?l 

, o 

Maximum dissipation at 40 Cs 10 mw 

Maximum collector voltage, f s' -6 volts 

Cl 

Maximum collector currents “15 ms 

Minimum h„ (small signal p) (j a -.5 ma, y a -3 v)s 16 

i© © CIS 

Minimum DC p (l b a -°6 ma, j e -.15" v); 80 33 for Philco units 

c 10.0 for Sprague units 

Minimum Grounded-Knitter unity Gain Frequency, f 
(l c * ”»5 ma, ■ -3 ▼),? 30 me T 

Maximum Hole Storage Coefficient, K 9 s 105 pp.eoul/ma 

Maximum (Y cb * -5 v)s 3 pamps 

Maximum 1 @Q (V eb ■ “5 r)t 3 p®tf»® 

philcos L“513^ Sprague? s-513^ Similar to types 2H393 

T -1301 

© 

Maximum dissipation at %0 c° 35 mr 

Maximum collector voltage, V s “6 volts 

Maximum collector currents -50 ma 

Minimum iu (small signal p) (l * -°5'n®> f a -3 v)s 40 

X @ 


Minimum DC p (l^ a -.5 ma, » 

-.15 v)s 

30 

Minimum DC p (j a -50 ma, Y a 

-1.0 v)s 

20 


Minimum' grounded-Emitter unity Gain (frequency, f , 

(I c . ■ -°5 ma, Ygg « -3 v)s 30 me - T 

Maximum Hole Storage coefficient, K 160 ppcoul/ma 

Maximum l QO m -5 r)i 5 pamps 

Maximum j (? . a =>5 v)s 10 pamps 

@© ©0 
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SURFACE BARRIER TRANSISTOR SPECIFICATIONS (Cont'd) 

Philco: 2N501 

L-5409 

Maximum dissipation at 40°C: 35 mw 

Maximum collector voltage, V_: -15 volts 

CB 

Maximum collector current: -50 ma 

Maximum emitter voltage, V_: 2 volts 

EB 

Minimum DC p (i = -10 ma, v_ » --5 v): 20 

C CE 

Minimum DC 0 (i » -50 ma, V = -.5 v)j 20 

C CE 

Maximum rise time: 18 m^sec 

* 

Maximum storage time: 12 m^sec 

Maximum fall time: 10 m^sec 

I co (V CB » -5 v): 5 paraps 

NOTE: These times are measured in philco Test Circuits described in the 

philco specification sheet for the 2N501 and shown below. These 
times do not necessarily coincide with those in TX-2 circuitry. 



-3.0 V 


RISE TIME TEST CIRCUIT 



-7.5 V —3.0 V ' 


DELAY AND FALL TIME TEST CIRCUIT 
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LIST OF M-NOTES PERTAINING- TO TX-O, T3C-2, AM) SURFACE BARRIER TRANSISTORS 


Number 

Title 

Author 

Date 

6m-36%9 

Typical SET Static Characteristics 

E«0° Cohler 

5 / 31/55 

6m-3850 

Positive Bias as Applied to Surface- K°H» Konkle 

Barrier Transistor Switching Circuits B»U» Cohler 

8 / 12/55 

6M-4521 

A MPlace Transform Anaylsis of Pulse 
Beta 

RoC° Johnston 

8 / 21/57 

6M-4521, s-1 

A LaPlaee Transform Analysis of pulse 
Beta 

B * C• Johnston 

9 / 12/57 

6m456i 

TX-0 Circuitry 

joR. padiman 

10/22/5 6 

6 m-4571 

Transistor Logic in B>0 

R»C° Jeffrey 

9/5/56 

6m-4t89 

A Functional Description of the TX~0 

Computer 

J-T° Gilmore 

H»P. Peterson 

11/20/5 6 

6m4955 

Parameter Distributions for the 
phileo L-5122 Surface-Barrier 
Transistor 

Do Jo Eckl 

3/19/57 


The Lincoln Eg-2 Computer 

W°A° Clark et al. 

Vl/57 

6 M -5097 

TX-0 Direct input Utility System 

joT» Gilmore 

4/10/57 

6 M -5193 

inverters and Flip-Flops using L-5134 
Transistors 

J«W° Langford 

8/28/57 

6 M -5199 

A Two Transistor Flip-Flop for the 
TK-2 Computer 

RoA« Hughes 

9/3/57 

6 M -5216 

A Transistorized Variable Delay unit 

L» Kleinrock 

9/12/57 


LIST OF M-NOTES (Cont»d) 


dumber 

Title 

Author 

Date 

6 M-5216 , s-1 

A Transistorized variable Delay Unit 

J.R. Fadiman 

1/20/58 

St f-5590 

TJC-2 Gated pulse Amplifier 

L* Neumann 

3/13/58 

6 m- 5661 

Toggle-Switch Storage System, TX-2 

L« Neumann 

4/21/58 

6m-5701 

A Computer-Integrated, Bapid Access, 
Magnetic Tape System with Fixed 

Address 

R.L* Best 

T-C* Stockebrand 

5/16/58 

6m-5780 

Seme Examples of TX-2 programming 

H-P- Peterson 

7/23/58 

6M-5856 

Some Applications of 2H501 Transistors 
to Switching Circuits 

j.W* Langford 

8/29/58 



